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This invention relates to new dyes of the tri 
nuclear cyanine type, to a method of preparing 
them, and to photographic light-sensitive silver 
halide emulsions containing the same. 
Cyanine dyes containing more than two nuclei 

are already known. Dyes of this category are 
illustrated, for example, in U.S. Patent 2,155,475, 
and in French Patent 832,352. It will be noted 
that in the dyes referred to in the United States 
patent the nucleus appearing in the dye, in addi 
tion to the two terminal nitrogenous heterocyclic 
nuclei, is aromatic in character. On the other 
hand, in certain of the dyes of the French patent, 
the meso nucleus is heterocyclic and of the type 
known as rhodanine nucleus. In both types of 
dyes, however, the meso nucleus serves to in 
terrupt the methenyl chain by which the terminal 
heterocyclic nitrogenous nuclei are linked to 
gether. . . . . 
Rhodacyanine dye salts, which contain in the 

polymethine chain a rhodanine ring, are also 
known. These dye salts are prepared by first 
alkylating a suitable merocyanine and then con 
densing the alkylated product with a cyclammo 
nium quaternary salt. In this condensation re 
action, the alkylmercapto group of the alkylated 
merogyanine condenses with the methyl group 
attached in cy-position to the nitrogen atom, of a 
cyclammonium quaternary salt to give the desired 
dye salt. . 
Trimethine dyestuffs containing an : Oxa 

diazole, Substituted by a furan ring, are also 
known. It is also known that cyanine. dye con 
densations may be carried out through an active. 
amino-group of a cyclammonium base or salt to. 
yield dyes of the azamethine type. The Simul 
taneous condensation, however, of both an amino 
and a methyl group of an oxadiazole or thiadi 
azole compounds with a cyclammonium dye salt 
to yield trinuclear cyanine dyes has not been pre 
viously suggested or described. . s 
We have now discovered a new class of tri 

nuclear cyanine dye salts in which the central 
nucleus, diazole or triazole, is linked to the other 
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panchromatic film emulsions, but are also excel 
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lent sensitizers for color film, being unaffected by 
the presence of color components, and exhibiting: 
the property of non-migration from the layer. in 
Which they are incorporated. Moreover, We have 
found that these new dyes have appreciable 
Water Solubility and are readily removed from 
the exposed emulsion layer during processing. 

It is an object of the present...invention to pro 
vide a new class of trinuclear cyanine dyes con 
taining a diazole or triazole nucleus. . . 
Another object is to provide a method of pre 

paring Such dyes. 
A further object is to provide a photographic 

element comprising a Silver-halide emulsion sen 
sitized with the said dyes. 
Other objects, and advantages. of this inven 

tion Will become apparent by reference to the 
following specification in which its preferred de 
tails and embodiments are described. 
This invention is predicated upon our dis 

covery that 1 mol of a 3,4-diazole or 1,3,4-tri 
azole salt, containing an amino group in 2-posi 
tion and a methyl group in 5-position with the 
nitrogen atom in 4-position substituted by an 
alkyl or aralkyl group, can be condensed with 2 
mols of a nitrogenous heterocyclic dye salt of 
the type used in cyanine dyes. This discovery 
is wholly unexpected and surprising, since 3,4- 
diazole and 1,3,4-triazole salts, with the N atom 
in 3- or 4-position Substituted by an alkyl or 
aralkyl group and containing methyl groups in 
the 2- and 5-positions are only reactive through 
one of these groups i. e., through the methyl 
group in the 2- or 5-position, but not through 
both groups. Similarly, 3,4-diazole or 1,3,4-tri 
azole Salts containing an amino group in 2-posi 
tion and a methyl group in 5-position, and where 
in the nitrogen atom in 3-position is substituted 

40 by an alkyl or aralkyl group, are reactive only through the amino group. 
The trinuclear cyanine dyes prepared according 

to the present invention are characterized by the 
following general formula: 

R. . . . . 

. As . . N-S -S X 
R-N C=CH-CH)-N-8 E-CH=(CH-CH)=c N-R 

reh-61), Y ReH-61), 
two nuclei by both a methine and an azamethine. 
chain. These new dye salts have properties 
which are not possessed by the known trinuclear. 
dye salts. For instance, the dyes are not only ex 

wherein. A represents the atoms necessary to 
complete a nitrogenous heterocyclic system of the 
type used in the preparation of cyanine dyes, such 
as, for example, oxazole, oxazoline, thiazole, 

cellent sensitizers for both orthochromatic and 55 thiazoline, selenazole, selenazoline, benzothiazole, 
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benzoselenazole, benzoxazole, naphthothiazole, 
naphthoselenazole, indolenine, pyridine and its 
polycyclic homologues such as quinoline - and 
naphthoquinoline, and the like. The polycyclic 
compounds of these series may also be substituted 
in the carbocyclic rings with one or more groupS, 
such as alkyl, as below, aryl, i. e., phenyl, etc., 
amino, hydroxy, alkoxy, e. g., methoxy, ethoxy, 
propoxy, etc., and methylenedioxy groups. R is 
a hydrocarbon group, for example, alkyl group, 
e.g., methyl, ethyl, propyl, butyl, amyl, and the 
like, or aralkyl group, e. g., benzyl, phenylethyl, 
and the like, X represents an anionic acid radical, 
e. g., Cl, Br, I, ClO4, SOACH3, ... SO4C2H5, 
SO3C6H4CH3, and the like, Y represents either 

m er cap to, 
10 

A. -- 

Y n. -, ion-on veh-éi), 
wherein A, R, m, p, and X have the same values 
as above, and Ri represents an anilido radical, 
i. e., anilido, acetanilido or 4-chloroacetanilido, 
and hydrocarbon mercapto groups, e. g., methyl 

ethylmercapto, propylmercapto, 
phenylmercapto, naphthylmercapto, and the like, 
R1 being an anilido radical only when m is 1 and 

5 
oxygen, sulfur, or NR2, wherein R2 is either hy 
drogen or an alkyl of the same value as R, m rep 
resents 0, 1, or 2, and p represents 0 or 1. 
The process of preparing the above trinuclear 

cyanine dyes comprises condensing, at room 
temperature or by heating as on a steam bath or 
under reflux conditions, imol of a cyclammonium 
quaternary salt of 2-amino-5-methyl-3,4-diazole, 
or 1,3,4-triazole with 2 mols of a cyclammonium 
quaternary cyanine dye intermediate, of the type 
used in the preparation of cyanine dyes, in the 
presence of an acid binding agent such as a nitrog 
enous heterocyclic base containing a Small 
quantity of a tertiary base which may include a 
small quantity of acetic acid or acetic anhydride. 
The anions of the dye salts thus obtained are 

readily converted into different anions by meth 
ods well-known in the art. 
The cyclammonium quaternary salts of 2-am 

ino-5-methyl-3,4-diazoles and 1,3,4-triazoles util 
ized in the condensation reaction are character 
ized by the following general formula: 

R 

N 
4. X its. Jon N/ 

wherein R, X and Y have the same values as 
above, and are obtained by quaternizing any one 
of the following diazoles as will be pointed out 
hereinafter. 

N-N H.N- C-CH. J. Prakt. Chem. 122, 
N o? p.289-318, 1929 

2-amino-5-methyl-1,3,4-oxadiazole 
N-N 

{ } IN- -CBs Ber. 29, p. 2513-4 
N/ 
S 

2-amino-5-methyl-1,3,4-thiadiazole 
N-N 

EN-C -CHs Ber. 26, 2599 
N/ 
N 
H 

2-amino-5-methyl-3,4-triazole 

The quaternary Salt of 2-amino-5-methyl 
1,3,4-triazole is prepared by heating, under pres 
sure, the triazole with an alkylating agent, Such 
as, methyl or ethyl iodide, sulfate, methyl-p- 
toluenesulfonate and the like, 
The cyclammonium salts of the type used or 

proposed for the production of cyanine dyes, and 
utilized in accordance with the present invention, 
are represented by the following general formula: 

20 
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2, and alkyl or arylmercapto radical when m. is 0. 
- As examples of representative cyclammonium 
quaternary cyanine dye salt intermediates falling 
within the above configuration the following may 
be mentioned: 
4,5-diphenyl-3-ethyl-2-methylmercapto thiazo 

linium iodide 2-8-anilidovinyl)-3-ethyl-4-methylthiazolinium 
iodide . ... 

1-ethyl-4-methylmercapto quinolinium iodide 
3-ethyl-2-methylmercaptopyridinium iodide 
2-6-anilidovinyl)-3,3-dimethyl-1-ethyl indolen 
inium iodide 

2 - 41-acetanilidobutadienyl-3-ethyl-6-methoxy 
benzothiazolium iodide 

2-6-acetanilidovinyl)-3-phenoxyethyl benzothi 
azolium iodide 

2-(4-acetanilidobutadienyl-3-ethyl benzoSelena 
zolium iodide 

3-ethyl-2-(6-methylmercapto vinyl benzoselen 
azolium iodide 

2 - 8-acetanilidovinyl)-3-ethyl-naphthothiazo 
lium iodide 

2-Ig-anilidovinyl-3-ethylbenzoxazolium iodide 
4-cyano-1-ethyl quinolinium idiodide 
2-(6-acetanilidovinyl)-3,3'-dimethyl-1-ethyl in 

doleninium iodide 
3 - ethyl - 2 - 4 - methylmercapto, butadienyl 
5-phenyl benzoxazolium iodide 

2-1B-anilidovinyl-3-methyl-thiazolinium iodide 
2 - 6 - anilidovinyl-3-ethyl-4,5-benzo-benzoxa 
zolium iodide 

2-6-acetanilidovinyl)-3-ethyl-oxazolium iodide 
2 - B - acetanilidovinyl - 3 - ethyl-Selenazolium 

iodide 
2-Ig-acetanilidovinyl)-3-ethyl-4,5-benzo-benzo 
Selenazolium iodide 
The above cyclammonium quaternary cyanine 

dye salt intermediates are well-konwn to the art, 
and hence the methods for their preparation need 
not be discussed herein. While the above dye in 
termediates are disclosed as being in the form of 
the preferred ethiodides, it is to be understood 
that they may also be employed in the form of the 
other quaternary Salts previously mentioned. 
As acid binding agents employed for the prep 

aration of the dyes of the present invention, the 
following may be advantageously employed: py 
ridine, methylpyridine, dimethylpyridine, ethyl 
pyridine, ethylmethylpyridine, trimethylpyridine, 
quinoline, and the like, containing a tertiary ali 
phatic base such as triethylamine, tripropyla 
mine, tributylamine, etc., as a catalyst. The terti 
ary base may also include, if so desired, a small 
quantity of acetic acid or acetic anhydride. In 

... general, the amount of Condensing (acid binding) 

O 
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agent used may valry within Widelimits, e.g., from 
1 to 25 mols. Concentrations ranging from 1 mol. 
to about 15 mols are preferred. 
In the preparation of these new trinuclear cy 

anine dyes, the 2-amino-5-methyl-3,4-diazole 
and 2-amino-5-methyl-1,3,4-triazole bases are 
converted into their corresponding alkyl or 
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aralkyl quaternary saltsiby, heating the base; with 
an alkylä or aralykylä halide, usually employed in: 
such: a, reaction; in a bomb or sealedi tube atta. 
temperature: ranging from 100 to 120° G. for: 3 
to 6 hours. . . . . . . . . . Sis 
The quaternization of the: diazole-base must-be: . 

carefully controlled, otherwise an undesirable: 
quantity of the isomeric: form of the quaternay'. 
salt is obtained. It is believed that the reactive. 
form, leading to the trinuclear cyanine dyes of the 10. present invention; has the following configura 

+ 

e 
As a by-product (isomeric form) of this reac. 

tion, a second quaternary, salt is isolated, which 
probably has the following configuration: 

25. 
This, by-product is not useful in the prepara 

tion of the dyes of the present, invention;. Since, 
it undergoes-dye condensations only through the 
anino group. - 
The following examples describe, in detail, the: 

method: for preparing the quaternated diazoles. 
and triazoles, and the trinuclear cyanine, dyes. 
therefrom, but it is to be understood that they 
are presented merely for the purpose of illustra- 35 
tion and are not to be construed as limitative. 

30: 

Eacample I 
gah, 

N-N 40 
:- 

2N-C C-C3; in-e-ch 
2-amino-4-ethyl-5-methyl-1,3,4-thiadiazolium iodide 

A mixture of 6 grams of 2-amino-5-methyl-45 
1,3,4-thiadiazole and 15 grains' of ethyl iodide. 

S 

N 

. dish, 
was heated in a sealed bomb, the temperature 
being carefully controlled in the range of 
105°-110° C., for 4 hours. Upon cooling, the prod 
uct was filtered and the residue extracted with several 2 cc. portions of anhydrous acetone until 60 
about 20 cc. had been consumed. The acetone extract was precipitated with anhydrous ethyl 
ether' and dried. The dried product is useful in 
preparing the trinuclear cyanine dyes of the pres 
ent invention, since the condensation reaction is 65 simultaneously brought about through the two " 

6. 
reactivegroups; namely-amino and methyl groups. 
The acetone insoluble portion...is thought to be. 

24-amino-3-ethy:-5i-methyl-3,4-thiadiazolium': 
iodide, and is: incapables of: undergoing 3. COrt 
densation reaction through both the amino and 
methyl groups. It did, however, undergo: a cont. 
densation, reaction through: the amino groups. 
only. . . . . . . . . . . . . . . . . 

Eacample: . . . . . 

pHs 
N-S 

NI-G (3-GH 
NM 

2-amino-4-ethyl-5-methyl-1,3,4-oxadiazolinium iodide 
Example I was repeated with the exception. 

that an equivalent quantity of 2-amino-5-methyl 
1,3,4-oxadiazole was substituted for 2-amino-5- 20 methyl- 1,3,4-thia diazole. 

; : EE 
. 

Eacample: III 
C 

1,4-diethyl-2-amino-5-methyl-1,3,4-triazolium iodide 
Example:I was repeated with the:exception that: 

ara. equivalent. quantity of 1-ethyl-2-amino-5- 
methyl-1,3,4-triazole was substituted for 2 
amino-5-methyl-1,3,4-thia diazole. 

While: the above: diazolinium salts have been 
prepared in the form of the preferred iodides, it 
is to be understood that they may also be pre 
pared, in the form containing other anionic acid : 
radicals. For example, instead of employing ethyl 

s iodide as the quaternating agent, methyl, ethyl 
or propyl chloride, bromide, dimethyl sulfate, 
benzyl bromide, methyl-p-toluene-sulfonate, and 
the like may also be employed. ... 
The preparation of the trinuclear cyanine dyes, 

while utilizing the diazolinium Salts; as above pre 
pared;...isillustrated by the following examples, . . . 

Eacample IV 
Cas s 

N- /* 
p-ca-CH-N- (-CH=CH-CH=C - 

Ys/ N/ 
&H, 

One gram of 2-amino-4-ethyl-5-methyl-1,3,4- 
thiadiazolium iodide and 2 grams of 2-(Racet anilidovinyl)-3-ethyl-benzo-thiazolium iodide 
were dissolved in 20 cc. of pyridine and 2 cc. of 
triethylamine added. The mixture was heated 
to reflux for 5 minutes, cooled, and diluted with 
several volumes of water. The green crystals. 
which separated out were filtered off and recrys 
tallized from ethyl alcohol. The dye sensitized 
a silver-bromoiodide emulsion to 720 mu, with a . 
maximum at 680 mph. ' ' . . . . . . 

Sacample V 
CEis 

/'N N- / Yo=CH-CH-N-5 5-CH=CH-CH=c, 
R. . . . . . \s/ - . 
N N. 

- (-H, 
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One gram of 2-amino-4-ethyl-5-methyl-1,3,4- 
thiadiazolium iodide and 2.0 grams of 2-(B-acet 
anilidovinyl)-3-ethyl benzothiazolium ... iiodide, 
were dissolved in 20 cc. of pyridine and 2 cc. of 
triethylamine added. The mixture was heated 
over steam at 50° C., for 30 minutes, cooled, and 
diluted with about 60 cc. of water. The leafy 
crystals which separated out were filtered, and 
recrystallized from ethyl alcohol. The dye crys 
tals were dissolved in methanol and precipitated 
as the perchlorate dye Salt and purified by Sev 
eral crystallizations from methyl alcohol. The 
dye sensitized a silver-bromoiodide emulsion to 
670 mu, with a maximum at 620 mp. 

Eacample VI . ... - 

Six grams of 2-methylmercapto-1-ethyl-6- 
methyl quinolinium iodide and 2 grams of 2 
amino-4-ethyl-5-methyl-1,3,4-thiadiazolium io 
dide were dissolved in 80 cc. of pyridine and 1 cc. 
of triethylamine added. The mixture was heated 
over steam for 1 hour, cooled, and diluted with water. The crystals which separated out were 
filtered - off and recrystallized from N-butanol. 
The dye sensitized a silver-bromoiodide emulsion 
to 610 mu, with a maximum at 560 mu, 

Ecample VII 
Cas 

S. . 

N. . . . 
&H, - - ... -- 

Two grams Of 2-amino-4-ethyl-5-methyl-1,3,4- 
thiadiazolium iodide and 8 grams of 2-(6-acet 

CO 

anilidovinyl)-3-ethyl-5,6-methylenedioxy benzo 
thiazolium iodide were dissolved in 60 cc. of py 
ridine and 2 cc. of triethylamine added. The 

tallized from methanol. The dye sensitized a 
silver-bromoiodide emulsion to 740 mp, with a 
maximum at 700 mu. . . . . . . . - 

Eacample VIII 
. . . CHs 

5. ii. - . . . . . KD- -s 
Kl C.H. Ys/ 

N. . . . . . . . . - / 

Ys. N/ 

. . . . . ' * CHsO 

60 

mixture was heated under reflux for 3-5 minutes, 
cooled, and diluted with water. The crystals 
which separated out were filtered off and recrys 

65 

recrystallized from methanol after conversion 

8. 
Five grams of 2-(B-anilidovinyl)-3-ethyl-4,5- 

diphenylthiazolium iodide and 1.4 grams of 2. 
amino-14-ethyl-5-methyl-1,3,4 - thiadiazolium 
iodide were dissolved in 50 cc. of pyridine con 
taining 2 cc. of triethylamine and 1 cc. of acetic 
anhydride. The mixture was heated under re 
flux for 5 minutes, cooled, and diluted with water. . 
The crystals which separated out were filtered 
off and recrystallized from ethyl alcohol. The 

10. recrystallized product was dissolved in methanol 
and precipitated as the perchlorate dye Salt. The 
dye sensitized a silver-bromoiodide emulsion to 
685 mp, with a maximum at 635 mu. 

S. Eacomple IX 
CE - s 

N- /* 
C-N- / i-CH=C Br 

S N/ 

One gram of 2-methylmercapto- 3-ethyl-ben 
25 zoSelenazolium iodide and 0.3 gram of 2-amino 

4-ethyl-5-methyl-1,3,4-thiadiazolium iodide were 
dissolved in 10 cc. of pyridine containing 1 cc. of 
triethylamine. The mixture was heated over an : 
open flame to drive of the mercaptain by-product. 

30 The reaction mixture was diluted with water, and 
the dye which precipitated was filtered off and 
converted to the bromide salt. The dye was puri 
fied and crystallized from ethyl alcohol. The dye 

S O 

N - 
CHI 

/ 
O 

&H, 
Sensitized a silver-bromoiodide emulsion to 520 
mp, with a maximum at 480 mu, . . . . - 

Eaccingle X 

Cas 

*r N N - 
- C-N- 3-ch-c ocH. 
N / S. N/ -OCE 

, (H, 
Six grams of 2-methylmercapto-3-ethyl-5,6-di 

methoxy benzoselenazolium p-toluenesulfonate 
and 2.7 grams of 2-amino-4-ethyl-5-methyl 
1,3,4-thiadiazolium iodide were dissolved in 50 cc. of pyridine and 2 cc. of triethylamine. The mix 
ture was heated over Steam for 1 hour, cooled, and 
diluted with 2 volumes of water. The yellow 
crystals which separated out were filtered off and 

is 2 YKD" dish, 
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to the bromide salt. Therdyessensitized a silver 
.bromoiodide emulsion to 530 mp, with a maxi 
numiat 480 m.p. 

City . 

Eacample.XI 

CeN-C C 

One gram of 2-methylmercapto-3-methyl 
4(p)-tolyl-5-phenyl thiazolium iodide and 0.2 
gram of 2-amino-4-ethyl-5-methyl-1,3,4-thia 
diazolium iodide were dissolved in 10 cc. of pyri 
dine and 1 cc. of triethylamine added. The mix 
ture was heated under reflux until the methyl 

smercaptain byproduct was dissipated. After 
cooling and diluting with water, the reaction mix 
ture was filtered and the orange crystals recrys 
tallized from methanol until pure. The dye 
sensitized a silverbromoiodide emulsion to 530 
mu, with a maximum at 480 mp. 

Eacample XII 
Cs 

S S 
7 N-N NY "Y 

Ye- on-cC ; O N/ Ys N^ 
- Cas 

One gram of 2 - methylmercapto- 3 - ethyl 

i ..H.C, CH, 
s Nc^ 

v- N 

&H, 
benzothiazolium iodide and 0.25 gram of 2-amino 
4-ethyl-5-methyl-1,3,4-thiadiazolium iodide were 
"dissolved in 10cc. of pyridine-containing 1 cc. of 
triethylamine. The mixture was sheated under 
areflux until the methyl mercaptain was dissipated. 
After.cooling the reaction mixture and diluting 
With Water, the écrystalline dye was filtered and 
purified by Crystallization from methanol. 
"dye sensitized a silverbromoiodide emulsion to 
510 mu, with a maximum; at 470 mu. 

Ecample XIII 
g s 

/N N C-CBI-CEs-N-C 
N / Ys/ -- 

One gram of .2-(6-anilidovinyl)-3-ethyl-6- 
methoxybenzoselenazolium iodide and 0.25 gram 
of 2-amino-4-ethyl-5-methyl-1,3,4-thiadiazolium 
iodide were dissolved in2.cc. of pyridine contain 

id:His 

60 

O 
ing 0.1 cc. of acetic anhydride and 0.1 cc. of tri 
ethylamine. The mixture was heated under re 
flux for 1 minute, cooled, and diluted with water. 

The crystals which separated out were dissolved 
in methanol and the dye converted to the per 
chlorate salt, and then purified by recrystalliz 
ing from methandl. The dye sensitized a silver 
bromoiodide emulsion to 730 mu, With a maxi 
nun at 690 mu, 

Eacample XIV 
:CHs -- 

N- / N/ Y 
C=CH-CH=N-6 (-CH=CH-CH=C - 

Ys/ 

: One gram of 2-(;3-acetanilidovinyl)-3-ethyl 
ibenzoselenazolium iodide and 0.25 gram of 2 

30 '-amino - 4 - "ethyl - 5 - methyl - 1,3,4 - thia 
diazolium iodide were dissolved in 25 cc. of pyr 
idine - containing 1 cc. of triethylamine. The 
mixture was heated under reflux for 3 minutes, 
cooled, and the dye precipitated by the addition 

35 of 2 volumes of ether. The separated residue was 
washed several times with water while allowing 
the tacky, Solid to gradually solidify before filter 

-ing. The solid was then purified by boiling out 
with several 5 cc.portions of methanol. The final 

40 residue was crystallized several times from 
methanol to obtain the pure dye. The dye Sen 
isitized a silverbromoiodide emulsion: to 730 mu, 
with a maximum at 680 mu, 

Eacample XV 

pH, 
N 

C--C=CE-CH= 

Ys/ N / 
N 
C2Es 

Six grams of 2- (3-anilidovinyl)-1-ethyl-3,3,5- 
trimethyl indoleninium iodide and 2.5 grams of 2-amino-4-ethyl-5-methyl-1,3,4-thia 
"diazolium iodide" were dissolved in "100 cc. of pyr 
ridine containing2 cc. of acetic anhydride and 4 cc. 
of triethylamine. "The mixture was heated on a 
steam bath for 5 minutes, cooled, and the dye 
precipitated by the addition of several volumes of 
-ether. The precipitate was dissolved in 50-75 cc. 
of methanol, and reprecipitated as the perchlor 

Y/ 
/ N -CI3 

C CO 

CE5 . . 

ate salt by the addition of an aqueous solution 
of potassium perchlorate. The crystals which 
separated out were filtered-off and recrystal 
lized from ethyl alcohol. The dye sensitized; a 
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. . . Eacample XVIII . . . . 
CEs - . . . . . . - 

N 
C=CH-CH=N-e o-CH=CH-CH=c a 

N / S 
N 

C.H. 
silver-bromoiodide emulsion to 680 mp, with a One gram of 2-(6-acetanilidovinyl)-3-ethyl 
maximum at 620 mu. - 4,5-benzo-benzoxazolium iodide and 0.3 gram of 

Eacample XVI : . . . . 

pH: - -- 

H'c-s N-N S-H, 
DC-CH-CH=N- c-CH=CH-CH=C ClO4. 

H -N S N-CBI 
CH3 ch, 

Four grams of 2-(6-anilidovinyl)-3-methyl- 20 2-amino-4-ethyl-5-methyl-1,3,4 - thiadiazolium 
thiazolinium iodide and 1.5 grams of 2-amino-4- iodide were dissolved in 5 cc. of pyridine contain 
ethyl-5-methyl-1,3,4-thiadiazolium iodide were ing 0.5 cc. of triethylamine and 0.5 cc. of acetic 
dissolved in 15 cc. of pyridine containing 1 cc. of anhydride. The mixture was heated under reflux 
acetic anhydride and 3 cc. of triethylamine. The for 3 minutes, after which time 1 cc. of triethyl 
mixture was gently heated on a steam bath for 25 amine was added and the mixture heated for an 
several minutes, cooled, and the dye precipitated . . . additional 2 minutes. Upon cooling, the dye crys 
by the addition of 2 volumes of ether. The pre- tals were precipitated by adding 2 volumes of 
cipitate was dissolved in an adequate amount of ether to the reaction mixture. The dye crystals 
hot water and the oily impurities separated. The which separated out were filtered off and recrys 
aqueous solution of the dye was precipitated as 30 tallized from methanol. The dye sensitized a sil 
the perchlorate salt by the addition of an aque- ver-bromoiodide emulsion to 660 mu, with a maxi 
ous solution of potassium perchlorate. The per- mum at 630 mp. 

Eacample XIX 
Cas 

"N N- / 3C CHs 

O O-on-on-- J-on-on-on-k C10 3C S - -C 

N y 
&H, C2H5 

chlorate solution which Separated out from the Four grams of 2-(e-acetanilidovinyl)-3-ethyl 
aqueous solution was filtered off and recrystal- 5,6-dimethylbenzoxazolium iodide and 1.5 grams 
lized from n-butanol. The dye sensitized a silver- of 2-amino-4-ethyl-5-methyl-1,3,4 - thia diazoli 
bromoiodide emulsion to 650 mps, with a maxi- um iodide were dissolved in 50 cc. of pyridine con 
mum at 600 mp. . 45 taining 2 cc. of triethylamine. The mixture was 

Eacample XVII -. 
Chs 

/'N N- - / 
c-ch-of-N- i-CH=CH-CH=c I EICO- / S N -OCE 

&H, &H, 
One gram of 2-(B-acetanilidovinyl)-3-ethyl-5- heated under reflux for 5 minutes, cooled, and di 

methoxybenzothiazolium iodide and 0.3 gram of luted with 2-3 volumes of water. The dye which 
2-amino-4-ethyl-5-methyl-1,3,4 - thiadiazolium Separated out was filtered off and recrystallized 
iodide were dissolved in 5 cc. of pyridine contain- from methanol, redissolved in methanol and re 
ing 0.3 cc. of acetic anhydride and 1 cc. of tri- precipitated out as the perchlorate salt by the ad 
ethylamine. The mixture was thoroughly stirred dition of an aqueous solution of potassium per 
with a glass rod for 5-10 minutes but not heated. chlorate. The perchlorate dye crystals were fur 
The blue dye Solution which formed Was diluted ther purified by recrystallizing from methanol. 
with water and the dye crystals filtered. The The dye Sensitized a silver-bromoiodide emulsion 
residue was purified by recrystallizing from to 680 mu, With a maximum at 630 mu. 

Eacample XX 
C25 - 

... O O 

N H H - H H H / c-d--N- 5-(-)-(–c ClOr / S N 
N N 
C2Es CE5 

methanol. The dye sensitized a silver-bromo- One gram of 2-(6-acetanilidovinyl)-3-ethyl 
iodide emulsion to 720 mu, with a maximum at 5-phenylbenzoxazolium iodide and 0.25 gram of 
690 mu. 2-amino-4-ethyl-5-methyl-1,3,4 - thia diazolium 

  



- 2,6525 
'3 

iodide were dissolved in i2 cc. of pyridine con- heated under reflux for 5 minutes, cooled and 
taining 1 cc. of triethylamine and 0.5cc.iofacetic diluted with several volumes of water. The crys 
anhydride. The mixture was heated over a steam tals which separated out were filtered off and re 
bath for 5 minutes, cooled, and diluted with 3 : crystalized from methanol. The dye sensitized 
volumes of water. The crystals which separated 5 a silver-bromo-iodide emulsion to 720 mu, with a . 
..out were filtered off and recrystallized from maximum at 690 mu, 

Eacample XXIII 
CH S 

N-N Hic- N l, L. / 

N 
- C2His - 

'methanol as the perchlorate salt. The dye sensi- Example XXII was repeated with the excep 
tized a silver-bromoiodide emulsion to 660 mu, tion that 0.3 gram of 2-amino-4-ethyl-5-methyl 
with a maximum at 610 mp. 1,3,4-oxadiazolium iodide was substituted for 0.3 

Eacample XXI 
. ....CH5, st 

N/S N- --N/S )-on-on- on-on-on-c. cho- Y &S N/ 
C.H. dish, 

One gram of 2-((3-acetanilidovinyl)-3-ethyl-5- :gram of 2-amino-4-ethyl-5-methyl-1,3,4-thiadi 
methoxybenzoxazolium iodide and 0.3 gram of azolium iodide. 

- Eacample XXIV 
- CHs . . . 

ClO 

/Y/ H H E H N-N H H H H H / N (YY . . . . . . . . . . . / ) 
C.H. : - CBS 

$2-amino-4-ethyl-5-methyl-1,3,4 - thia diazolium Gne gram of 2-E4)-acetanilidobutadienyl-3- 
iodide were dissolved in 10 cc. of pyridine con- sethyl-benzothiazolium iodide and 0.3 gram of 2 
taining 1 cc. of triethylamine and the solution *amino-4-ethyl-5-methyl-1,34thiadiazolium io 
agitated with a glass rod for 30 minutes at room dide were dissolved in 10 cc. of pyridine contain 
temperature. The dye in Solution was precipi- ing 0.5 cc. of triethylamine. The mixture was 
tated by the addition of ether. The liquor was "heated-under reflux for 3-5 minutes, cooled, and 
decanted and the residue washed with Water and 45 idiluted with 23 volumes of water. The 'crystals 
-then dissolved in cold methanol. Onecc. of a 20% which separated out were filtered off and re 
aqueous solution of sodium perchlorate was added "crystallized from propanol. The dye-sensitized a 
to the filtered methanol:solution. The trinuclear silver-bromo-iodide emulsion to 720 mu, with a 
idye precipitated as the perchlorate salt and was i: i. imaximum at 690 mu. 

Eacample XXV. 
's . . . . gh, 
Z N-N . N | / N 

N N/ 
C25 d 

Cas - s 

purified by recrystallizing from hot methanol. Example IV was repeated with the exception 
The dye sensitized a silver-bromoiodide-emulsion that an equivalent amount of 1,4-diethyl-2- 
to 650 mpt, with a maximum at 560 mp. amino-5-methyl-1,3,4-triazolium iodide was sub 

Eacample XXII 
CHs - 

- . .. . . . . . . S. a Y 
Sa N N / Y CH: 
C=CH-CH=N-cy e-cr-ch-ch-c --. 

S 

One gram of 2-(a-acetanilidovinyl)-3-ethyl-5- stituted for 2-amino-4-ethyl-5-methyl-13;4. 
methyl-benzothiazolium iodide and 0.3 gram of thiadiazolium iodide. . . . . . - . . ; 
2-amino -- 4 - ethyl-5-methyl-1,3,4-thia diazolium In the preparation of emulsions containing 
iodide were dissolved in 10 cc. of pyridine con- these trinuclear cyanine dyes, the dye may be 
taining 1 cc. of triethylamine. The mixture was f5 dissolved inimethyl-oriethylalcohol and the alco 
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holic solution containing from 5 to 50 milligrams 
of the dye added to a liter of emulsion. While in 

N . . . . . . . . . / 
: ... ' ... ." C=CH-CH=N-cy o-CH=CH-CH=C - - 

general practice it may not be necessary to add 
the dye in the amounts larger than those above 

- HC / 'N OO 
CB 

given, generally, for satisfactory results, amounts 
ranging from 5 to 50 milligrams are sufficient to 

s' S 

Yo-on-on- on-on-on-o/ I 
N/N/ Y N / 

CH 

obtain the maximum sensitizing effect. However, 
we do not wish to limit our invention to the quan 
tities just indicated as the most suitable amount 
will, in each case, be found by a few comparative 
experiments. The dyes may be added to the 
emulsion in form of solutions. Suitable solvents 
as indicated in the examples are the alcohols, for 
instance, methyl or ethyl alcohol which may be 
anhydrous or diluted with a small volume of 
water. In actual practice, the dyes are applied to 
the emulsion during any stage of its production. 
However, they are preferably added to the fin 
ished emulsion before coating. 
While there have been pointed out above cer 

tain preferred embodiments of the invention, the 
same is not limited to the foregoing examples, 
illustrations or to the specific details given there 
in, but is capable of variations and modifications 
as to the reactants, proportions and conditions 
employed. Accordingly, it is intended that the 
invention be defined only by the accompanying 
claims, in which it is intended to include all fea 
tures of patentable novelty residing therein. 
We claim: 
1. Trinuclear cyanine dyes characterized by the 

following general formula: 

s 

N- s 
- - - - 2 / CH, 

=CH-CH-N-cy v-on-on-on- - 
N. 

- - - - C 

16 
2. A trinuclear cyanine dye corresponding to 

the formula: ... ."- 

CI 

C.H. 
3. A trinuclear cyanine dye corresponding to 

the formula: 

C25 

Hs 

4. A trinuclear cyanine dye corresponding to 
the formula: 

Cs 
N-N 

N 

Cas C.H. 

5. The method of producing trinuclear cyanine 
dyes which comprises condensing in the presence 
of an acid binding agent two mols of a compound 
of the general formula: 

A. 
- n 

R-N C-(CH=CH)-R X 
Sn 2 
(CH-CH) 

with One mol of a compound of the general 
formula: ; , , , 

35 

40 
R -- 

N 
| X 

HN-C C-Ca 
N/ 

wherein A is the residue of a heterocyclic nitrog 
enous compound of the type used in the prepara 
tion of cyanine dyes, R. represents a member 
Selected from the class consisting of alkyl and 
aralkyl groups, R1 represents a member selected 
from the class consisting of anilido, alkyl- and 
aryl mercapto groups, R1 being anilido only when 
m is 1 and 2 and alkyl and aryl mercapto when 
m is 0, X represents an anionic acid radical, Y 
represents a member selected from the class con 
sisting of oxygen, sulfur, and NR2, wherein R2 

45 . 

50 

R 

A. N- . . . . A 
a I - Y - X 

R-N C=(CH-CH)=N-C C-CB=(CH-CH) as C. N-R 
on-6, on-6 (CH=CH) Y (CH=CH) 

wherein A is the residue of a heterocyclic nitrog 
enous compound of the type used in the prepara 
tion of cyanine dyes, R. represents a member se 
lected from the class consisting of alkyl and 
aralkyl groups, X represents an anionic acid radi 
cal, Y represents a member selected from the 
class consisting of oxygen, sulfur, and NR2, 
wherein R2 is a member selected from the class 
consisting of hydrogen and alkyl groups, m rep 
resents a numeral taken from the group consist 
ing of.0, 1, and 2, and p represents a numeral 
taken from the group consisting of 0 and 1. 

is a member selected from the class consisting of 
es hydrogen and alkyl groups, m represents a 

numeral taken from the group consisting of 0, 
1, and 2, and p represents a numeral taken from 
the group consisting of 0 and 1. 

6. The method of producing trinuclear cyanine 
o dyes which comprises condensing in the presence 
of an acid binding agent two mols of a compound 
of the formula: 

A. 
1 a 

R-N1 C-(CH=CH)-R x 
S 2 

s (CH-CH) 
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with one mol of a compound of the formula: 
CH5 h 

S 

wherein A is the residue of a heterocyclic nitrog 
enous compound of the type used in the prepara 
tion of cyanine dyes, R. represents a member 
selected from the class consisting of alkyl and 
aralkyl groups, Ri represents a member Selected 
from the class consisting of anilido, alkyl- and 
aryl mercapto groups, R1 being anilido only when 
m is 1 and 2 and alkyl and aryl mercapto when 
m is 0, m represents a numeral taken from the 
group consisting of 0, 1, and 2, p represents a 
numeral taken from the group consisting of 0 
and 1, and X represents an anionic acid radical. 

7. The method of producing trinuclear cyanine 
dyes which comprises condensing in the presence 
of an acid binding agent two mols of a compound 
of the formula: 

A. 
a -, C-(CH=CH) --- S. 2 fH-6f), 

With One mol of a compound of the formula: 

I 

wherein A is the residue of a heterocyclic nitrog 
enous compound of the type used in the prepara 
tion of cyanine dyes, R, represents a member 
Selected from the class consisting of alkyl and 
aralkyl groups, R1 represents a member selected 
from the class consisting of anilido, alkyl- and 
aryl mercapto groups, Ribeing anilido only when 
m is 1 and 2 and alkyl and aryl mercapto when 
m is 0, m represents a numeral taken from the 
group consisting of 0, 1, and 2, p represents a 
numeral taken from the group consisting of 0 
and 1, and X represents an anionic acid radical, 

8. The method of producing trinuclear cyanine 
dyes which comprises condensing in the presence 
of an acid binding agent two mols of a compound 
of the formula: 

.A. 

-, C-(CH=CH) --- fèH-6f), 

O 

5 

20 

25 

30 

35 

40 

45 

50 

18 
with one mol of a compound of the formula: 

pH, -- 
N-N 

N-C C-CH3 

C.H. 

I 

Wherein A is the residue of a heterocyclic nitrog 
enous compound of the type used in the prepara 
tion of cyanine dyes, R. represents a member 
Selected from the class consisting of alkyl and 
aralkyl groups, R1 represents a member Selected 
from the class consisting of anilido, alkyl- and 
aryl mercapto groups, R1 being anilido only when 
m is 1 and 2 and alkyl and aryl mercapto when 
m is 0, m represents a numeral taken from the 
group consisting of 0, 1, and 2, p represents a 
numeral taken from the group consisting of 0 
and 1, and X represents an anionic acid radical. 

9. The process of producing trinuclear cyanine 
dyes which comprises condensing in the presence 
of an acid binding agent 2 mois of 2- (3-acetanili 
dovinyl)-3-ethyl-benzothiazolium iodide with 1 
mol of 2-amino-4-ethyl-5-methyl-1,3,4-thiadia 
Zolium iodide, 

10. The process of preparing trinuclear cyanine 
dyes which comprises condensing in the presence 
of an acid binding agent 2 mols of 2-(3-acetanili 
dovinyl) - 3 - ethyl - 5 - methyl-benzothiazolium 
iodide with 1 mol of 2-amino-4-ethyl-5-methyl 
1,3,4-oxadiazolium iodide, 

11. The process of preparing trinuclear cyanine 
dyes which comprises condensing in the presence 
of an acid binding agent 2 mols of 2-(6-acetanili 
dovinyl)-3-ethyl-benzothiazolium iodide with 1 
mol of 1,4-diethyl-2-amino-5-methyl-1,3,4-tria 
Zolium iodide. 

AFRED W. ANISE. 
CHARES A, CLARK, 
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